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Abstract  Recent advance of imaging techniques enables to visualize minute lung nodules in the early stage cancer. The 
position of the nodules changes while surgery due to deaeration. This study was performed to analyze pneumothorax deformation 
of animal lungs for development of intraoperative guidance of minute lung cancer. To address registration problem for large 
deformation with intensity shifts, we proposed model-based registration that can register both surface and centerline model. The 
registration results were evaluated using target registration error on the lung surface and centerline model, the registration error 
was within 4.0mm and 2.8 mm on average respectively. We found that the relationship between displacement of surface and 
bronchus and the distance from the pulmonary hilum were mostly liner. 
Keywords  pneumothorax deformation, model-based registration, tumor localization, lung 
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♧ࡍ㸬 ✵Ẽ㔞ࡢᕪ࠿ࡽ CT ್ࡀ኱ࡁࡃ␗࡞ࡾ㸪⏬ീࡢ
ࢥࣥࢺࣛࢫࢺࡀኚᙧ๓ᚋ࡛኱ࡁࡃኚ໬ࡋ࡚࠸ࡿ㸬ࡲࡓ㸪
⹫⬺᫬ࡢ⬚㒌ෆ㒊࡟኱ࡁ࡞✵㛫ࡀ⏕ࡌ࡚࠸ࡿ㸬  
ḟ࡟㸪୕ḟඖ CT ⏬ീ࠿ࡽᐩኈࣇ࢕࣒ࣝ♫〇 Synapse 
VINCENT ࢆ⏝࠸࡚⫵ࡢୖⴥ㸪ୗⴥ㸪Ẽ⟶ᨭࡢ୕ḟඖࣛ
࣋ࣜࣥࢢࢆ⾜࠸㸪⫵⾲㠃ࡢ⾲㠃ࢹ࣮ࢱࢆ Poison surface 
reconstruction[13]࡟ࡼࡾసᡂࡋ㸪⾲㠃ࢹ࣮ࢱࡢ㡬Ⅼᩘ㸪
୕ゅᙧせ⣲ᩘࢆࡑࢀࡒࢀ 250㸪502 ࡟⤫୍ࡋࡓ㸬Ẽ⟶ᨭ





case ݅ (݅=1, 2, ͐ , 10)࡜ࡍࡿ㸬⾲ 1 ࡟ྵẼ᫬࡜⹫⬺᫬ࡢ
୰ᚰ⥺ࢹ࣮ࢱࡢศᒱⅬᩘࢆ♧ࡍ㸬ศᒱⅬࡢᩘࡣ⹫⬺᫬





⬺᫬ࡢ CT ⏬ീ㸪ୖ㸸ྵẼ᫬ (14cmH2O)㸪ୗ㸸⹫⬺᫬
(2cmH2O) 
 
ᅗ 2. ᢳฟࡉࢀࡓẼ⟶ᨭࡢࣛ࣋ࣝࢹ࣮ࢱ㸪  
























y ⫵⾲㠃࡜Ẽ⟶ᨭࡢኚᙧࡣ㠀୍ᵝ࡛࠶ࡿ  


































y ྵẼ᫬࡜⹫⬺᫬ࡢ⫵⾲㠃㛫ࡢ㊥㞳ࡀᑠࡉ࠸  
y ྵẼ᫬ࡢ୰ᚰ⥺࡜Ḟᦆ㒊ࢆ㝖ࡃ⹫⬺᫬ࡢ୰ᚰ⥺㛫
ࡢ㊥㞳ࡀᑠࡉ࠸  
y ⫵⾲㠃࡜ෆ㒊ࡣ✵㛫ⓗ࡟⁥ࡽ࠿࡟ኚᙧࡍࡿ  
 
ᅗ 4. Ḟᦆࡢ࠶ࡿ୰ᚰ⥺఩⨨ྜࢃࡏ࡟࠾ࡅࡿኚ఩ไ⣙
ࡢᑟධ , (a) ྵẼ᫬ , (b) ⹫⬺᫬㸪 (c) ✵㛫ⓗ࡟⁥ࡽ࠿
࡛࡞࠸ኚᙧ , (d) ✵㛫ⓗ࡟⁥ࡽ࠿࡞ኚᙧ  




఩⨨ྜࢃࡏ⤖ᯝ , (a) ྵẼ᫬ࡢ⫵⾲㠃ཬࡧ୰ᚰ⥺㸪  





≧ࢆồࡵࡿ㸬ᥦ᱌ࡍࡿホ౯㛵ᩘܧ ࢆᘧ (1)࡟♧ࡍ㸬  
ܧ ൌ ܧ௦ଶ ൅ Ƚܧ௖ଶ ൅ Ⱦܧ௦௠௢௢௧௛      (1) 




ࡋ࡚ᘧ (2)ࡢࡼ࠺࡟ᐃ⩏ࡋࡓ㸬  
ܧ௦ ൌ
ଵ
ଶ ൛݀൫ ௜ܵ௡௙ǡ ܵௗ௘௙൯ ൅ ݀൫ܵௗ௘௙ǡ ௜ܵ௡௙൯ൟ    (2) 
ࡇࡇ࡛㸪݀ሺܺǡ )ࡣࣔࢹࣝܺ࠿ࡽぢࡓࣔࢹࣝࡲ࡛ࡢᖹᆒ










ࡋ࡚ᘧ (3)ࡢࡼ࠺࡟ᐃ⩏ࡋࡓ㸬  
ܧ௖ ൌ ݀ሺܥௗ௘௙㸪ܥ௜௡௙ሻ             (3) 















σ ȁ݈௞ െ ݈Ԣ௞ȁே௞ୀ଴           (4) 
ࡇࡇ࡛㸪ܰࡣศ๭✵㛫ࢆᵓᡂࡍࡿ᱁Ꮚࡢ㎶ࡢᩘ㸪 ݈ࡣ
PWA ࡟࠾ࡅࡿศ๭✵㛫ࢆᵓᡂࡍࡿ᱁Ꮚࡢ㎶ࡢ㛗ࡉ㸪 ݈ᇱ
ࡣኚᙧᚋࡢ㎶ࡢ㛗ࡉ࡛࠶ࡿ㸬   
 






3.1. ఩⨨ྜ䜟䛫⢭ᗘ䛾ẚ㍑ホ౯ᐇ㦂  
ᮏᐇ㦂࡛ࡣ㸪ᘧ (1)࡟࠾࠸࡚ (α, β)=(0, 2.0)࡜ࡋࡓᚑ᮶








ᘧ㸦5㸧࡟♧ࡍホ౯Ⅼࡢ Target Registration Error (TRE) 
ࢆ㸪⫵⾲㠃࡜୰ᚰ⥺࡟ᑐࡋ࡚ࡑࢀࡒࢀホ౯ࡋࡓ㸬   














⾲ 2. ఩⨨ྜࢃࡏ⤖ᯝ  [ᖹᆒ್sᶆ‽೫ᕪ ] 
 
 














ᅗ 6.  case1 ࡢ఩⨨ྜࢃࡏ⤖ᯝ , (a) ྵẼ᫬ࡢ⫵⾲㠃ཬࡧ୰ᚰ⥺࡜఩⨨ྜࢃࡏᑐ㇟࡜࡞ࡿ⹫⬺᫬ࡢ୰ᚰ⥺㸪  
(b) ᚑ᮶ᡭἲ࡟ࡼࡿ఩⨨ྜࢃࡏ⤖ᯝ㸪 (c) ᥦ᱌ᡭἲ࡟ࡼࡿ఩⨨ྜࢃࡏ⤖ᯝ  
 
ᅗ 7. 10 ౛ࡢ୰ᚰ⥺ TRE ࡢ⟽ࡦࡆᅗ  
 
ᅗ 8. ྵẼ᫬ࡢ⫵㛛㒊࠿ࡽࡢィ Ⅼࡲ࡛ࡢ࣮ࣘࢡࣜࢵࢻ㊥㞳࡟ᑐࡍࡿ⫵⾲㠃࡜Ẽ⟶ᨭࡢኚ఩  







3.2. ⫵⾲㠃䛸Ẽ⟶ᨭ䛾ኚ఩䛾㛵ಀᛶ  
ᮏᐇ㦂࡛ࡣ㸪⾲㠃࡜Ẽ⟶ᨭࡢኚ఩ࡢ㛵ಀᛶࢆㄪᰝࡋ






























ࣉࣟࢢ࣒ࣛ  (ACT-M)  ࠕẼ⬚ኚᙧ⫵࡟ᑐᛂࡋࡓᚤᑠ⤖
⠇ࡢ⾡୰ྠᐃἲࠖࡢຓᡂ࡟ࡼࡿ㸬  
 
ᩥ    ⊩  
[1] Suwelack S, Rohl S, Bodenstedt S, Reichard D, 
Dillmann R, Santos TD, Mair HL, Wagner M, Wunschr 
J, Kenngott H, Muller BP, Speidel S: Physics-based 
shape matching for intraoperative image guidance. Med 
Phys, Vol. 41, Issue. 10, pp. 111901, 2014. 
[2] Nakao M, Minato K: Physics-based interactive volume 
manipulation for sharing surgical process. IEEE Trans. 
on Info. Tech. in Biomed, Vol. 14, No. 3, pp. 809-816, 
2010. 
[3] Yang D, Lu W, Low DA, Deasy JO, Hope AJ, El Naqa 
I: 4D-CT motion estimation using deformable image 
registration and 5D respiratory motion modeling. Med 
Phys, Vol. 35, Issue. 10, pp. 4577-4590,2008.  
[4] Nakao M, Kawashima A, Minato K, Kokubo M: 
Simulating lung tumor motion for dynamic tumor-
tracking irradiation. IEEE Nuclear Science Symposium 
and Medical Imaging Conference, pp. 4549-4551, 2007. 
[5] Nakamura M, Nakao M, Matsuo Y, Mukumoto N, Iizuka 
Y, Yokota K, Mizowaki T, Hiraoka M: Application of a 
feature-based tracking algorithm to kV X-ray 
fluoroscopic images toward marker-less real-time 
tumor tracking. Medical Physics, 43(6), pp. 3636, 2016.  
[6] Uneri A, Nithiananthan S, Schafer S, Otake Y, Stayman 
JW, Kleinszig G, Sussman MS, Prince JL, Siewerdsen 
JH: Deformable registration of the inflated and deflated 
lung in cone-beam CT-guided thoracic surgery, Initial 
investigation of a combined model and image-driven 
approach. Med Phys, Vol. 40, No. 1, pp. 4951-1979, 
2012. 
[7] Nakao M, Tokuno J, Chen-Yoshikawa T, Date H, 
Matsuda T: Surface Deformation analysis of collapsed 
lungs using model-based shape matching. Int J Comput 
Assist Radiol Surg, 71, pp.36-40, 2019.
[8] Nakamoto M, Aburaya N, Sato Y, Konishi K, Yoshino I, 
Hashizume M, Tamura S: Thoracoscopic surgical 
navigation system for cancer localization in collapsed 
lung based on estimation of lung deformation. Med 
Image Comput Comput Assist Interv (MICCAI) , pp. 68-
76, 2007.  
[9] ᑠᯘὒ , ྜྷ⃝ឡᏊ , ᒸᮏᩔ , ᐑୗ᭸அ , ᒣᕝ ᏹ ,
⸨Ụṇඞ㸸  ⭘⒆ࡢ఩⨨ᥦ♧ࢼࣅࢤ࣮ࢩࣙࣥࢩࢫࢸ
࣒࡬ࡢᛂ⏝ࢆ┠ⓗ࡜ࡋࡓ⫵ࡢ⹫⬺ࢩ࣑࣮ࣗࣞࢩࣙ
ࣥ . ᪥ᮏࢥࣥࣆ࣮ࣗࢱእ⛉Ꮫ఍ㄅ , 12, pp. 13-21, 
2010. 
[10] ᑠᯘ᫭ኴ㑻 ,୰ᑿᜨ ,ᚨ㔝⣧Ꮚ ,㝞㇏ྐ ,ఀ㐩ὒ ,ᯇ⏣
ဴஓ㸸動物摘出肺を対象とした脱気変形の解析 ,
電子情報㏻ಙᏛ఍ᢏ⾡ሗ࿌  (MI),Vol. 119, No. 51,  
pp.53-58, 2019.  
[11] Kim J, Valdes-Hernandez Mdel C, Royle NA, Park J: 
Hippocampal shape modeling based on a progressive 
template surface deformation and its verification. IEEE 
Trans. on Medical Imaging, Vol. 34, No. 6, pp. 1232-
1261, 2015.  
[12] Pitiot A, Bardinet E, Thompson PM, Malandain G: 
Piecewise affine registration of biological images for 
volume reconstruction. Medical Image Analysis , Vol. 
10, Issue 3, pp. 465-483, 2006. 
[13] Kazhdan M, Bolitho M, Hoppe H: Poisson surface 
reconstruction. Symposium on Geometry Processing , 
pp. 61-70, 2006. 
[14] L. Antiga and D. A. Steinman, Vascular Modeling 
Toolkit. Jan. 26, 2009 [Online]. Available:  
http://www.vmtk.  
- 36 -
